Introduction: Heavy working conditions and many unpropitious factors influencing workers health participate in development of various health disorders, among other autonomic cardiovascular regulation malfunction. The aim of this study is to draw a comparison of autonomic nervous system functional age and heart rate variability changes between workers with and without mining occupational exposure.
INTRODUCTION
Occupation of a miner, first as craft, afterwards as mining industry, has a very long tradition in Slovakia, reaching to antique epoch, although the first signs of mining activities are known since prehistoric age. In this region, there was and still is mined wide range of different materials.
Workers in mining professions as driller, breaker, mechanician and machine fitter, serviceman, electrician, locomotive driver and others are exposed to the whole spectrum of specific and non-specific risk factors of mine environment. Miner s work is physically demanding and significantly associated with factors that may cause chronic professional stress. Working under the influence of adverse conditions in these workers often may lead to various health damages.
Employees working in mining professions represent the major part of patients hospitalized at the Clinic of Occupational Medicine and Toxicology at University Hospital in Martin, Slovakia. According to data from the Statistical Office of Slovak Republic, in 2014 totally 6 939 people were employed in 34 industrial companies aimed at the mining and auxiliary works in the industrial sector of mining and quarrying (1) .
The analysis of heart rate variability (HRV) is a non-invasive and sufficiently sensitive method to assess various influences to cardiovascular activity, from central nervous or endocrine system, through respiration and local influences (e.g. physical and mental strain, stress and exogenous factors). Heart rate variability is thus a parameter reflecting the complex regulation of cardiac activity with uppermost impact of the autonomic nervous system (ANS) (2) . Evaluation of HRV in spectral domain (spectral or frequency analysis, SA HRV) is generally considered as the appropriate non-invasive method for assessing the activity of ANS. Individual indices of SA HRV often give somewhat inconclusive and antagonistic results. From the beginning up to recent studies they all show similar changes in HRV in connection with increasing age, in which case the most significant changes were seen in the age groups between 35 and 55 years old, after 55th year of life the HRV parameters changing just slowly. From all studied parameters of SA HRV, there was found significant reduction of total HRV with increasing age, significant decrease was noticed also in parasympathetic activity (high frequency band, HF), sympathetic activity, as well as increase of LF/HF ratio, indicating a dysregulation to the side of sympathetic dominance (3). This positive or negative age-dependence of various SA HRV parameters may cause very difficult interpretation of SA HRV among various age groups (4) .
The newer method of HRV analysis uses three complex indices, which combine all agedependent parameters gained from the orthoclinostatic test: complex index of vagal activity, complex index of sympatovagal balance and total score of SA HRV, which are called the functional age of ANS (FA ANS). This method enables easier orientation and simpler interpretation of the SA HRV (5) .
The aim of this work is to assess the impact of mine work on autonomic nervous system by monitoring the heart rate variability in the subjects with and without occupational mining exposure and complex evaluation of the parameters of HRV frequency domain analysis, including the set of age-dependent complex indices known as functional age of autonomic nervous system.
MATERIAL AND METHODS
This study was designed as a cross-sectional study with comparing HRV frequency domain analysis parameters in two groups of men (with and without mining exposure) from one-shot measuring of HRV under standardized conditions. All subjects in both groups were selected from patients of Clinic of Occupational Medicine and Toxicology JFM CU and University Hospital in Martin. The subjects assigned to the first (miners) group were men between 36 and 57 years of age with the exposure to one of mining professions for at least 10 years (mining as a current job or less than 5 years after the last mining exposure). The second (control) group consisted of men aged from 36 to 58 years old with no exposure to mining profession ever -we selected only the subjects working in occupation categorized in group 1 or 2 for risk factors (physical load, noise, vibrations and forced postures during work). Relative healthy subjects without severe hypertension or other cardiovascular disease (as well as autonomic imbalance with tendency to collapses), diabetes nor psychiatric diseases or drug and alcohol abuse were included in both groups. The subjects using the medication which may affect the cardiovascular system and central or autonomic nervous system and ones who underwent stressful event during last year were excluded from main and control group. A few rules for intake of specific substances were set out -use of alcohol or caffeine beverages and medication was not allowed 12 hours before examination, as well as smoking at least 4 hours before examining. The subjects were asked to sleep at least 5 or 6 hours a night before examination and to avoid excessive physical activity, stress and emotional strain or irritating food in the day of examination. All subjects confirmed they have been informed about whole examination process from examiner, afterwards they filled in the short entrance questionnaire.
For HRV registration the system DiANS PF8 (Dimea Group, Olomouc, Czech Republic), consisting of a chest electrode band, an amplifier and a laptop was used. All examinations were performed according to a standardized protocol for examining the short-term HRV dur-
ing morning time (between 7.30 and 11.00 AM). HRV has been recorded in the first supination (T1 phase), orthostatic (T2 phase) and second supination body position (T3 phase), each lasting 300 seconds or 300 R-R intervals (if heart rate under 60 bpm). At the very beginning of examination the subjects stayed in rest in supination position for about 2 to 5 minutes until cardiovascular functions became stable. All body position changes during the examination were followed by 60 second lasting stabilization phase, just then has been provided the proper recording in particular body position.
Statistical analysis
The data were processed and statistically evaluated using Medical DiANS PC software (frequency domain analysis of raw HRV source, FA ANS analysis), MS Excel 2013 and Salstat2 (statistical analysis). FA ANS and difference between the FA ANS and calendar age of each subject were calculated from the data from T2 and T3 phase (orthostatic and second supination position). From the parameters of SA HRV following parameters were computed: Total Spectral Power (TotPwr), spectral power in HF band (HF, frequency range from 0.15 to 0.40 Hz, which reflects heart rate changes under vagal and respiratory influence (6)), spectral power in LF band (LF, frequency range from 0.04 to 0.15 Hz, related to the baroreflex regulation (7) and vasomotor activity under both sympathetic and parasympathetic influences) and the LF/HF ratio (may indicate higher sympathetic activity relative to parasympathetic activity, but should be interpreted with taking the mean values of HF and LF power into consideration). For comparison, from the time domain analysis HRV the rMSSD parameter (root mean square of successive differences) was calculated (reflects beat-to-beat variance and is used to estimate the vagally-mediated changes and typically provides a better assessment of respiratory sinus arrhythmia than pNN50 -the percentage of adjacent NN intervals that differ from each other by more than 50 ms -especially in older subjects (8)). The difference between FA ANS and calendar age for both groups of subjects was assessed by using the two-sample t-test for independent samples and Yates chi-square test. The results of SA HRV, due to their physiological changes with age, were divided into two subgroups by the age in both miners and control group -subjects under and over 48 years of age (according to median calendar age in miners group), and those data were statistically evaluated using non-parametric Mann-Whitney U test. The correlation between FA ANS -calendar age difference and mining exposure duration was evaluated as well.
RESULTS
From all HRV records we selected 41 records overall, 24 records in miners group and 17 records in control group. Average calendar age in miners group was 47.92 years (SD 6.11) and in control group 48.53 years (SD 6.90). Average FA ANS in miners group was 55.10 years (SD 11.7), in control group 46.94 years (SD 10.03). The difference between functional age of ANS and calendar age in miners group was +7.19 years (SD 7.47) and in control group was -1.59 years (SD 6.71). The comparison of basic data from both groups are given in the Fig.1 and Table 1 . Statistical analysis shows a highly significant elevation of difference between FA ANS and calendar age in the miners group compared with the control group (ttest t = 3.93, p = 0.0004). Evaluation of the quantity in both groups shows increased FA ANS compared to calendar age in 21 subjects out of the total 24 subjects in this group, decreased difference between FA ANS and calendar age was found only in 3 subjects. In control group, increased FA ANS was found in 6 subjects and increased FA ANS in 11 subjects of total amount 17. This result has been evaluated as highly significant as well (chi-square p = 0.0017). Average mining exposure duration of the subjects in miners group was 22.58 years (range 13 to 31 years, SD 5.02). Statistical analysis indicated no significant correlation between exposure duration and FA ANS -calendar age difference (rho = 0.123, p = 0.57). In subjects with shortest exposure low variance of difference can be seen, however, the variance of results rises with rising exposure duration as shown in Fig. 2 As emerged from the analysis of selected parameters SA HRV and the rMSSD parameter of time-domain analysis, we found lower values of all power spectral parameters and rMSSD and higher LF/HF ratio in miners group compared to control group in both subgroups (under and above 48 years of age) and both T2 and T3 phases. Statistically significant differences in the subgroup of the subjects aged under 48 was found only in LF/HF ratio in T3 phase. All parameters except LF/HF ratio appeared significantly decreased in subgroup of the subjects aged 48 and above in miners group (see Table 2 LF/HF ratio rMSSD (ms) Table 2 . Mean values of heart rate variability selected parameters from T2 phase (orthostatic position) in subjetcts under and over 48 years old compared between miners and control group (M1 and C1 -subjects in miners and control group under 48 years old, M2 and C2 subjects in miners and control group over 48 years old). P-values calculated using Mann-Whitney U test. Significant difference between parameters marked by * (p < 0.05).
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DISCUSSION
The heart rate and HRV are both notably sensitive parameters, which can be susceptible to a large amount of endogenous as well as exogenous factors and respond to a numerous stimuli.
The results of our study show significant increase of the FA ANS in comparison with calendar age in the subjects group with positive mining exposition against the group of nonexposed subjects. Functional age of ANS offers complex ANS activity rating. Increase of FA ANS in subjects with exposition to negative factors of mining work environment notice the changes of autonomic regulation, which are typical for healthy individuals with higher calendar age. Increased FA ANS in 21 of 24 examined subjects in exposed group in comparison with only 6 of 17 subjects in control group at first sight may indicate the considerable influence of negative factors in mining industry on HRV parameters, and therefore, on the cardiovascular autonomic regulation. In this study no correlation between the exposure duration and the absolute change of FA ANS was confirmed, which may also indicate the participation of individual sensitivity of the autonomic nervous system regulatory mechanisms to these occupational negative factors. Other factors can also play a certain role, especially endogenous or non-occupational exogenous factors, which identify and assess the influence on ANS regulation could be not uncomplicated, if possible at all. Results of HRV analysis indicate significant decrease in Total spectral power, LF and HF spectral power and rMSSD parameters in miners above 48 years of age in both orthostatic as well as supination position compared to subjects from control group at the same age, also the LF/HF ratio increased, but no significance was confirmed. In subjects under 48 years of age only significant increase of LF/HF ratio was found in miners group in orthostatic position, only non-significant changes were observed in other parameters in both orthostatic and supination positions. This results indicate impaired autonomic regulation particularly in elderly subjects with occupational mining exposure compared to unexposed subjects manifesting itself by reduced the total HRV and the parasympathetic activity, and probably the sympathetic activity to a certain extent.
The recent studies demonstrate significant decrease in SA HRV parameters HF, LF and HF/LF ratio after workload exposure (9), these changes were more significant in older workers. Studies also indicate increased risk of cardiovascular morbidity and mortality after long-time occupational workload (10) . On the other side, the free-time physical activity con- LF/HF rMSSD (ms) Table 3 . Mean values of heart rate variability selected parameters from T3 phase (2 nd supination position) in subjetcts under and over 48 years old compared between miners and control group (M1 and C1 -subjects in miners and control group under 48 years old, M2 and C2 subjects in miners and control group over 48 years old). P-values calculated using Mann-Whitney U test. Significant difference between parameters marked by * (p < 0.05).
tributes to the total HRV increasing and the cardiovascular risks decreasing (11) . The noise, except causing the hearing loss, plays role as an important stressor with characteristic cardiovascular response (tachycardia, hypertension). Short-term noise exposure leads to increase of the sympathetic activity (12) , so does the long-term noise exposure, probably by increased sympathetic activity or mild cardiovascular dysregulation, that leads to increased risk of myocardial infarction development (13) , to three-times increased risk of stroke and 60% increased risk of sudden cardiovascular death (14) . Sympathetic hyperactivity has been observed in connection with noise exposure (15, 16) . Shift work is characterized by disturbing the circadian rhythm of ANS due to requirement of increased sympathetic activity during expecting rest-time (12) , reducing the total HRV (17, 18) and significant increasing the LF/HF ratio (18) . Effect of vibrations was described by reduced sympathetic and as well as parasympathetic activity and by shifted ANS activity to the sympathetic dominance (19, 20) . The results of another studies show association of reduced HRV, especially during daytime, with increased risk of cardiovascular diseases, predominantly coronary artery disease, stroke and other (21) . Reduced vagal activity presents an independent risk factor for mortality of any causes and general factor of all cardiovascular risk factors (22) . Work-related stress by itself comprises one of the cardiovascular morbidity major risk factors (22) . The autonomic imbalance characterized by sympathetic hyperactivity with vagal hypoactivity is connected with the pathological conditions convenient for atherosclerotic changes development (22) . A combination of the sympathetic hyperactivity and hypertension represents an increased risk of cardiovascular diseases development (23) .
According to the mentioned studies, deterioration of HRV parameters, anyway increase the FA ANS compared to calendar age, can represent such changes in the cardiovascular autonomic regulation, which are present in healthy individuals of the more advanced age. Those conditions in subjects with increased FA ANS can lead to development of more severe cardiovascular diseases at a younger age, earlier progression the pre-existing cardiovascular diseases or possibly earlier development of serious complications of these diseases.
Limits of the study Some external influences (e.g. incipient diseases especially in older subjects, alimentation, non-professional exposure etc.) could be unrecognized or underestimated, even though we tried to exclude them using the entrance questionnaire. Due to nonparametric distribution of results in subgroups, non-parametric tests in SA HRV evaluation were applied. The time and frequency domain HRV analysis methods applied in this work prove lower sensitivity to autonomic dysfunction than non-linear methods do.
CONCLUSION
There are many risk factors from mining work environment having influence on formation and progression of various cardiovascular diseases. Our results indicate that influence of these occupational risk factors can participate in deterioration of ANS reactivity to a certain extent, of course, taking individual sensitivity and impact of non-occupational factors deteriorating ANS reactivity into consideration.
The methodology of evaluating the complex indices and other SA HRV parameters after long-term exposure to the negative occupational factors not only in mining work environment, predominantly in the elderly workers, applied to the clinical practice could be used to detect the changes in autonomic cardiovascular regulation, which could lead to earlier development or progression of cardiovascular diseases with continuing exposure to negative occupational factors or interacting with other non-occupational risk factors. 
